ABSTRACT. Fifty-four genotypes of maize were crossed and evaluated in the field during the crop season in February 2012 under both normal and water stress conditions. To identify the major parameters responsible for variation among genotypes, single linkage cluster analysis and principle component analysis (PCA) were carried out. Thirteen characters were studied. The PCA showed that the first six components, with eigen values >1, contributed 82.30% of the variability among the genotypes under normal field irrigation conditions while other PCs (7-13) had eigen values less than 1. Under drought conditions, the first four PCs, with eigen values >1, contributed 64.79% of the variability among genotypes while the other PCs (5-13) had eigen values less than 1. In the absence of water stress, heritability ranged from 68% (sucrose content) to 99% (plant height) and genetic advance ranged between 158.43% for stomatal frequency and 0.87 for biological yield. Under drought conditions, the coefficient of variability (CV) was 1.43-7.79, whereas estimates of heritability ranged between 68% and 99% for sucrose content and leaf area, respectively. The values of genetic advance ranged between 153.41 for stomatal frequency and 0.47 for nitrogen content. CV was 1.52-7.38 under drought conditions. The results indicated that the plant characters studied were under the control of additive genetic effects and suggested that selection should lead to fast genetic improvements. Clusters with superior agronomic types were identified and could be exploited for the transfer of desirable genes to improve the yield potential of the maize crop.
INTRODUCTION
Maize (Zea mays L.) is the world's most extensively grown cereal and is an important staple food in many developing countries (Morris et al., 1999) . Worldwide, 159.53 million hectares are used to grow maize with a grain production of 817.11 million metric tons and overall yield of 5120 kg per hectare during 2009 -10 (Anonymous, 2009 -2010 . In Pakistan, maize is sown on 1085.0 x 10 3 hectares with an annual production of 4631.0 x 10 3 tones and an average yield of 4268 kg per hectare. This yield is 1.25 times lower than that of the world grain yield per unit area (Anonymous, 2012 (Anonymous, -2013 . Improvement in yield might be achieved through selection for germplasm attributes contributing to yield.
Characterization of heritability and genetic advance should enable breeders to identify superior parents and to initiate an efficient and productive crossing program. Correlation analysis provides information on the interrelationship of important plant attributes and, hence, is of value for developing a directional model for direct and/or indirect improvements in grain yield (Khan et al., 2004) . Another approach, principal component analysis (PCA), has the benefit over cluster analysis that each statistic can be allotted to a single group (Khodadadi et al., 2011) . Determination of combining ability and genetic variance components are important in breeding programs for hybridization (Fehr, 1993) . In any breeding program, the choice of the optimal parents is the key to success. One of the most important principles in breeding programs for identifying hybrids with high yield is knowledge of the parent genetic structure and an understanding of combining ability (Ceyhan, 2003) . Genetic information can be obtained through various quantitative genetic methods. One of the more favored approaches is line x tester analysis, which gives a better and more efficient method (Singh and Chaudhary, 1985) . The line x tester analysis method was suggested by Kempthorne (1957) and can be used to breed both self-and cross-pollinated plants, as well as determining desirable parents, crosses, and their general and specific combining ability effects.
Selection of the tester is crucial to the ultimate success of a hybrid development program. Testers can be related or unrelated to the lines being evaluated; they may have a high or low frequencies of favorable alleles. Testers that are either high or low yielding maize inbred lines have been developed for segregation base populations through self-pollination, or through visual selection among and within ear-to row progenies and testing for performance in hybrid combination (Hallauer and Miranda, 1990) . Various studies have shown that non-additive genetic effects have an effective role in the inheritance of grain yield (Kara, 2001; Ashish and Singh, 2002; Motawei, 2006; Aly and Hassan, 2011) . Maize grain yield combining ability has also been studied intensively and the findings have been extensively used in maize breeding programs (Kauffman et al., 1982; Fan et al., 2002; Barata and Carena, 2006) . However, less research has been conducted on the combining ability of maize yield components or on the relationship between combining ability of grain yield and that of yield components (Fan et al., 2008; Mousa and Aly, 2011) . The main objective of the present study was to estimate the variability, heritability, and linkage for yield and its related traits in maize. We also sought to determine the general combining ability of lines and testers and specific combining abilities of crosses for grain yield and yield components traits. This information will enable us to identify superior crosses for improving the yield in a breeding program for growth of maize under drought stress conditions.
MATERIAL AND METHODS
Ten inbred lines of maize (Table 1) Table 3 ), along with their parents, were grown in 2012 and evaluated under two different conditions, either normal irrigation or drought stress conditions (50% of normal normal irrigation). The experimental field was located at the Department of Plant Breeding and Genetics, Faculty of Agricultural Sciences and Technology, Bahauddin Zakaryia University, Multan, Pakistan, and situated at latitude 30.20°, longitude 71.48°, and altitude 124.97 m. Field temperature ranged from 7.5 to 37.6°C, relative humidity from 72.5 to 78.9%, and rainfall ranged between 7 and 12 mm during the autumn season 2012. Each experimental unit was grown using a randomized complete block design with three replicates; the plot was 5 m long and rows were 80 cm apart. Seeds were planted in hills at a spacing of 25 cm along the row at the rate of three kernels per hill. Seedlings were thinned to one plant per hill at 21 days after planting. All agronomic field practices were applied as recommended. Thirteen different morphological, physiological, and biochemical parameters (Table 4) were recorded from ten ear-marked plants in each plot during the cropping season. Analyses of variance (ANOVAs) were used to compare the characteristics. Heritability estimates were calculated using procedures given by Allard (1960) . Phenotypic correlation coefficients among the traits were calculated. The average data were analyzed by numerical taxonomic techniques using the procedure of cluster and PCA described by Singh and Chaudhary (1985) . The data were standardized and transformed for SLCA and PCA using the computer program MINITAB 13.2. Using character variations, the SLCA summarized the positioned genotypes in a dendrogram. Combining ability analysis was estimated using the line x tester procedure suggested by Kempthorne (1957) . Combined analysis of the two conditions (normal and water stress) was performed after testing the data for homogeneity. 
RESULTS

Heritability under normal irrigation field conditions
The analysis of variance and the analyses of heritability and genetic advance for the 54 genotypes indicated significant differences for all the characters under study (Table 5) . MS = means square; h 2 = heritability; GA = genetic advance; CV = coefficient of variability. For other abbreviations, see Table 4 . Table 5 . Means and analysis of variance for the 13 characters used in the 54 genotypes under normal irrigation conditions.
The estimates of heritability ranged from 68% (sucrose content) to 99% (plant height). The values of genetic advance varied from 158.43% for stomatal frequency to 0.87 for biological yield. The coefficient of variability (CV) was in the range 1.43 to 7.79 (Table 5) .
Genotypic and phenotypic correlations
The correlation analysis was performed to identify mutual relationships among the various characters and also the type and extent of their contribution to yield (Panhwar et al., 2003; Chaudhary and Joshi, 2005) . The genotypic and phenotypic correlations found here among the thirteen characters in plants grown under normal irrigation are summarized in Table 6 .
Positive and significant genotypic correlations were observed between pairs of traits, e.g., LA and PH. Likewise, positive and highly significant phenotypic correlations were observed, e.g., LA and PH. Genotypically, NKE was significant and positively correlated with PH and LA; phenotypically, NKE showed a positive and highly significant correlation with LA but a positive and non-significant correlation with PH. Genotypically, TGW was significantly and positively correlated with PH and LA but significantly and negatively correlated with NKE; phenotypically, TGW was positively and highly significantly correlated with PH, but positively and non-significantly correlated with LA and negatively and non-significantly correlated with NKE. Genotypically, BY was significantly and positively correlated with PH and LA, but negatively and significantly correlated with NKE and TGW; phenotypically, BY was positively and highly significantly correlated with LA, positively and non-significantly correlated with PH, but non-significantly correlated with NKE and TGW. Genotypically, GYP was significantly and positively correlated with PH, LA, NKE, TGW, and BY; phenotypically, GYP was positively and highly significantly correlated with PH, LA, and TGW, For abbreviations, see Table 4 . *Statistically significant. **Highly significant. and positively and non-significantly correlated with NKE and BY. Genotypically, HI was significantly and positively correlated with PH, LA, TGW, and GYP, and significantly and negatively correlated with NKE and BY; phenotypically, HI was positively and highly significant correlated with GYP but negatively and highly significantly correlated with BY, and positively and non-significantly correlated with LA and TGW, negatively and non-significantly correlated with NKE, and significantly and positively correlated with PH. Genotypically, SF was significantly and negatively correlated with PH, LA, NKE, GYP, and HI, positively and significantly correlated with TGW and BY; phenotypically, SF was negatively and non-significantly correlated with PH, LA, NKE, and GYP, positively and non-significantly correlated with TGW, positively and highly significantly with BY, and negatively and highly significantly correlated with HI. Genotypically, SS was significantly and negatively correlated with NKE, TGW BY, GYP, HI, and SF, but significantly and positively correlated with PH and LA; phenotypically, SS was positively and non-significantly correlated with PH and LA, nonsignificantly and negatively correlated with NKE, TGW, BY, HI, and SF, and highly significantly and negatively correlated with GYP. Genotypically, NC was significant and positively correlated with PH, NKE, TGW, BY, GYP, and SS, negatively and non-significantly with LA and SF, and positively and non-significantly with HI; phenotypically, NC was positively and non-significantly correlated with NKE and TGW, positively and significantly correlated with PH and GYP, and positively and non-significantly correlated with BY, HI, and SS, but negatively and non-significantly correlated with LA and SF. Genotypically, PC was significantly and positively correlated with PH, NKE, TGW, BY, GYP, HI, SS, and NC, negatively and significantly correlated with LA, and negatively and nonsignificantly correlated with SF. Phenotypically, PC was positively and highly significantly correlated with NKE, TGW, and NC, positively and significantly correlated with PH and GP, negatively and non-significantly correlated with LA and SF, positively and non-significantly correlated with BY, HI, and SS. Genotypically, SS was significantly and negatively correlated with PH, LA, NKE, BY, and GYP, significantly and positively correlated with TGW, HI, and SF, and non-significantly and negatively correlated with NC; phenotypically, SS was negatively and highly significantly correlated with PH, LA, and NKE, positively and non-significantly correlated with TGW and HI, positively and non-significantly correlated with BY, SS, and NC. Phenotypically, SS was negatively and significantly correlated with GYP but positively and highly significantly correlated with SF. Genotypically, OC was positively and significantly correlated with PH, TGW, HI, PC, and SC, significantly and negatively correlated with NKE, BY, GYP, SF, and SS. OC was negatively and non-significantly correlated with LA, positively and non-significantly correlated with NC. Phenotypically, OC was positively and highly significantly correlated with PH and SC, negatively and non-significantly correlated with LA, NKE, BY, GYP, SF, and SS, and positively and non-significantly correlated with TGW, HI, NC, and PC.
PCA
The first six components, with eigen values >1, contributed 82.30% of the variability among the genotypes under the normal irrigation conditions (Table 7) . The other PCs (7-13) had eigen values less than 1. For abbreviations, see Table 4 . The first PC (PC1) was more related to the characters PH, GYP, LA, PC, NC, TGW, NKE, HI, and OC whereas PC2 was related to HI, GP, OC, PH, SS, and LA. PC3 was related to LA, BY, PH, GYP, SF, and NKE; PC4 showed some variability in its relationships to the characters SC, OC, SJ, TW, PH, GYP, HI, and BY; for PC5, the parameters SS, PH, OC, and LA showed more diversity; PC6 was more related to OC, NKE, PH, and LA. SS exhibited the greatest positive weight with PC5 (Table 7) .
Cluster analysis
The relationships of genotypes V1 to V54 (Tables 1 to 3 ) are shown as a dendrogram based on the 13 characters for plants grown under normal conditions (Figure 1 ). The 1600% level of similarity was only found for V53 which showed complete dissimilarity to the other genotypes. V21 and V23 showed approximately 380% similarity, while V45 and V46 had 70% similarity. V15 and V20 exhibited a 60% level of similarity. Very few genotypes fell into the similarity range 50 to 2020%; most genotypes exhibited levels of similarity between 60 and 340% ( Figure 1 ). 
Heritability estimates in plants grown under water stress conditions
Heritability estimates ranged between 67 and 99% for the characters sucrose content and leaf area, respectively (Table 8) . Values of genetic advance ranged from 153.41 for stomatal frequency to 0.47 for nitrogen content. The CV ranged from 1.52 to 7.38.
The genotypic and phenotypic correlations observed here among the thirteen parameters in plants grown under 50% of normal irrigation or drought field condition are summarized in Table  9 . Genotypically, LA was positively and significantly correlated with PH; phenotypically, LA was highly significantly and positively correlated with PH. Genotypically, NKE was positively and significantly correlated with PH and LA, and was non-significantly and positively correlated with PH and LA. Genotypically, TGW was positively and significantly correlated with PH, LA, and NKE; phenotypically, it was highly significantly and positively correlated with PH but non-significantly correlated with LA and NKE. Genotypically, BY was positively and significantly correlated with PH, LA, NKE, and TGW; phenotypically, BY was positively and highly significantly correlated with PH, LA, NKE, and TGW. Genotypically, GYP was positively and significantly correlated with PH, LA, NKE, TGW, and BY; phenotypically, GP was positively and highly significantly correlated with PH, LA, TW, and BY but was positively and significantly correlated with NKE. Genotypically, HI was positively and significantly correlated with PH, LA, NKE, GW, BY, and YP; phenotypically, HI was positively and non-significantly correlated with PH, NKE, TGW, and BY, negatively and nonsignificant correlated with LA, and positively and highly significantly correlated with GYP.
Genotypically, SF was significantly and negatively correlated with PH, LA, NKE, BY, GP, and HI, and positively and significantly correlated with TGW; phenotypically, SF was negatively and non-significantly correlated with PH, LA, and HI, negatively and highly significantly correlated with NKE and BY, positively and non-significantly correlated with TGW, negatively and highly significantly correlated with BY, and negatively and significantly correlated with GYP. Genotypically, SS was negatively and significantly correlated with PH, NKE, TW, BY, GYP, and HI, and positively and significantly correlated with LA and SF; phenotypically, SS was negatively and non-significantly correlated with PH, TGW, and HI, was positively and non-significantly correlated with LA, and negatively and highly significantly correlated with NKE, BY, and GYP, and positively and highly significantly correlated with SF. Genotypically, NC was significantly and negatively correlated with PH, NKE, BY, GYP, and HI, positively and significantly correlated with LA, SF, and SS, and positively and non-significantly correlated with TGW. Phenotypically, NC was negatively and nonsignificantly correlated with PH and BY, was positively and non-significantly correlated with LA and TGW, was negatively and highly significantly correlated with NKE and GYP, and was significantly and positively correlated with SF and SS. Genotypically, PC was negatively and significantly correlated with PH, NKE, BY, GYP, and HI, was negatively and non-significantly correlated with For abbreviations, see Table 4 and 5. **Highly significant. LA, was positively and non-significantly correlated with TGW, and was positively and significantly correlated with SF, SS, and NC. Phenotypically, PC was negatively and non-significantly correlated with PH, LA, BY, and HI, was negatively and highly significantly correlated with NKE and GYP, was positively and highly significantly correlated with SF and NC, and was non-significantly and positively correlated with TGW. Genotypically, SS was significantly and negatively correlated with PH, LA, NKE, TGW, BY, and GYP, was negatively and non-significantly correlated with HI, was positively and significantly correlated with SF, SS, and PC, and was positively and non-significantly correlated with NC. Phenotypically, SS was negatively and highly significantly correlated with PH, LA, BY, and GYP, was negatively and significantly correlated with NKE, was negatively and nonsignificantly correlated with TGW and HI, was positively and highly significantly correlated with SF, NC, and PC, and was positively and non-significantly correlated with SS. Genotypically, OC was positively and significantly correlated with PH, TGW, BY, SF, PC, and SS, was negatively and non-significantly correlated with LA, was negatively and significantly correlated with NKE, GYP, HI, and SS, and was positively and non-significantly correlated with NC. Phenotypically, OC was positively and non-significantly correlated with PH, TGW, BY, SF, and NC, was negatively and non-significantly correlated with LA and SS, was negatively and highly significantly correlated with NKE, GYP, and HI, was positively and highly significantly correlated with SS, and was positively and significantly correlated with PC.
PCA
The first four components, with eigen values >1, contributed 64.79% (Table 10 ) of the variability among genotypes under drought conditions. The other PCs (5-13) had eigen values less than 1. For abbreviations, see Table 4 . *Statistically significant. **Highly significant. Table 9 . Genotypic (r g ) and phenotypic (r p ) correlation under drought field conditions.
PC1 was more related to GYP, NKE, BY, PH, LA, HI, and TGW, whereas, PC2 was related to NKE and SC. PC3 was more related to HI, GYP, SF, SC NC, SS, and PC, while PC4 showed more variability for SS, LA NKE, NC, PH, and PC. For PC3, HI exhibited the greatest positive weight (Table 10) .
Cluster analysis
The relationships of genotypes V1 to V54 (Tables 1 to 3 ) are shown as a dendrogram based on the 13 characters in plants grown under drought stress (Figure 2 ). The 230% level of similarity was shown only by V1 and V23 indicating total dissimilarity to the rest of the genotypes. V29 and V33 showed similarity at the 125% level, while V30 and V31 showed 35% similarity. V45 and V46 had a 36% level of similarity. Few genotypes fell into the similarity range 525 to 1600%; most genotypes showed levels of similarity in the range 100 to 600% (Figure 2 ).
ANOVA in plants under normal irrigation conditions
ANOVA for the 13 characters measured here in plants grown under normal irrigation is shown in Table 11 . The analysis showed that there were no significant differences between the replicate experiments for any of the characters. By contrast, all the other comparisons for varieties, parents, parents x crosses (P x C) interaction, crosses, lines, testers, lines x testers (L x T) interaction, and pooled error were highly significant different with one exception; only the NKE character in the P x C interaction was non-significant. These results showed that both inbred lines and testers were significantly different from one another in crosses, that the inbred lines behaved differently in their respective crosses, and that greater diversity existed among the four testers. The L x T interaction term was significant for all the studied traits, suggesting that inbred lines may have different combining abilities and that they performed differently in crosses depending on the type of tester used. Similar results were reported by Aly and Hassan (2011) and Mousa and Aly (2011 For abbreviations, see Table 4 . 
Estimates of general combining ability (GCA) effects under normal irrigation conditions
GCA for the ten inbred lines and four testers was evaluated under normal irrigation conditions (Table 12 ). The results indicated that inbred lines L 10 , L 8 , and L 7 showed highly significant and negative GCA effects for PH towards dwarfness of plants; lines L 7 and L 6 showed highly significant and negative GCA effects for LA toward lower leaf size; lines L 2 , L 3 , and L 9 had highly significant and positive GCA effects for NKE towards an increase in NKE, which is an important yield component; lines L 6 and L 1 gave highly significant and positive GCA effects for TGW compared to other lines with non-significant and negative GCA effects. Line L 10 showed a highly negative GCA effect for BY while other lines showed highly significant and negative GCA effects; L 10 and L 5 , L 2 , and L 3 showed highly significant and positive GCA effects while only L 1 showed non-significant results for GYP. The inbred lines L 6 and L 9 showed highly significant and negative GCA effects toward lowering SF; inbred lines L 10 , L 5 , and L 7 showed highly significant and negative GCA effects towards a decrease in SF; only inbred line L 2 showed a highly significant and positive GCA effect for both NC and PC. For SC, L 7 and L 5 showed highly significant and positive GCA effects. Lines L 1 and L 5 showed highly significant and positive GCA effects for OC. The analyses summarized in Table 12 indicate that T 4 was the best general combiner for PH and LA. T 1 and T 4 were the best combiners for NKE showing highly significant and positive GCA values. T 2 was a good combiner for TGW, while tester T 3 was a good combiner for BY. T 2 and T 4 had highly positive and significant GCA effects for GYP towards an increase in yield; T 4 was also a good combiner for H1. T 1 was the best combiner for the traits SF and SS towards a decrease in SF and SS. T 2 was a good combiner for NC and PC. T 4 was the best combiner for SC and OC. Table 12 . Estimates of general combining ability effects for the 13 characters in the inbred lines used for line x tester crosses under normal irrigation conditions.
For abbreviations, see Table 4 . *Statistically significant. **Highly significant. ns Not significant.
Estimates of specific combining ability (SCA) effects under normal irrigation conditions
For PH, both negative and positive, significant and non-significant estimates of SCA effects were present among the crosses (Table 13 ). Crosses L 3 x T 4 , L 6 x T 2 , and L 9 x T 1 were good specific combiners whereas crosses L 8 x T 1 , L 9 x T 4 , and L 6 x T 1 were poor specific combiners (Table 13) . Smaller plants can be advantageous for resistance to lodging. With regard to the parameter PH, the estimates of SCA effects were found to be significant in 30 of the 40 crosses evaluated in the current study.
With respect to LA, crosses L 2 x T 1 , L 4 x T 2 , and L 3 x T 4 possessed highly significant and negative SCA values indicating they were good specific combiners. The crosses L 10 x T 3 , L 8 x T 1 , and L 9 x T 2 were the poorest specific combiners. The estimates of SCA were significant in 28 of 40 crosses. Plants with a lower leaf area are at an advantage under water stress conditions. For NKE, crosses L 2 x T 3 , L 3 x T 1 , and L 7 x T 2 were good specific combiners, while crosses L 3 x T 3 , L 7 x T 1 , and L 6 x T 3 were the poorest. Only 31 of 40 crosses showed a significant result for this trait.
For TGW, crosses L 2 x T 1 , L 1 x T 2 , and L 9 x T 4 showed high positive and significant SCA effects showing they were good combiners; crosses L 6 x T 4 , L 8 x T 1 , and L 2 x T 3 were the poorest specific combiners.
With respect to BY, crosses L 10 x T 3 , L 5 x T 2 , and L 6 x T 1 exhibited high significant and positive SCA effects indicating they were good specific combiners; L 10 x T 4 , L 10 x T 2 , and L 3 x T 3 were the poorest specific combiners for BY.
For GYP, crosses L 10 x T 3 , L 9 x T 4 , and L 7 x T 4 were good specific combiners and crosses L 8 x T 4 , L 10 x T 2 , and L 7 x T 1 were the poorest.
Only 5 crosses were found to exhibit a non-significant level of SCA for SF (Table 13 ), showing that most of the crosses evaluated in the current study significantly deviated from what would have been predicted based on parental performance. Crosses L 5 x T 4 , L 7 x T 1 , and L 1 x T 4 were good specific combiners for SF while crosses L 1 x T 2 , L 2 x T 4 , and L 6 x T 1 were poor specific combiners (Table 13) .
For SS, the crosses L 3 x T 1 , L 6 x T 3 , and L 6 x T 1 were good specific combiners and L 4 x T 1 , L 5 x T 1 , and L 7 x T 4 were poor. For this trait, 32 of 40 crosses exhibited highly significant SCA effects.
Twenty of the 40 crosses gave a significant level of SCA for NC. Crosses L 9 x T 4 , L 8 x T 3 , and L 4 x T 2 were good specific combiners while L 8 x T 1 , L 4 x T 4 , and L 7 x T 1 were poor.
For PC, 18 of the 40 crosses exhibited a significant level of SCA effects (Table 13 ). The crosses L 9 x T 4 , L 8 x T 3 , and L 7 x T 2 were good specific combiners while L 9 x T 3 , L 8 x T 1 , and L 7 x T 2 were poor.
For SC, crosses L 5 x T 3 , L 9 x T 1 , and L 3 x T 4 showed highly significant and positive SCA effects and proved to be a good specific combiners while the poorest specific combiners were L 2 x T 3 , L 5 x T 1 , and L 10 x T 1 .
With respect to OC, crosses L 5 x T 4 , L 3 x T 3 , and L 8 x T 1 were good specific combiners while crosses L 5 x T 4 , L 6 x T 4 , and L 1 x T 3 were the poorest.
ANOVA in plants grown under water stress
ANOVA of the 13 characters measured in plants grown under water stress conditions is shown in Table 14 . No significant differences were found between replicate experiments for any trait. The parents, P x C interactions, crosses, lines, testers, L x T interaction, and pooled error terms were all highly significant with two exceptions: the P x C interaction for SS and PC were nonsignificant indicating that the crosses used for the current study had comparable potentials for the traits SS and PC. Overall, the results of the ANOVA indicated that the inbred lines and testers were significantly different from each other in crosses, and that the inbred lines showed differences in their respective crosses, and that more diversity existed among the four testers. For all characters studied, the L x T interactions were significant suggesting that the inbred lines might possess different combining abilities depending on the type of tester used in the cross. For abbreviations, see Table 4 . *Statistically significant. **Highly significant. ns Not significant. Table 13 . Estimates of specific combining ability effects for the 13 characters in the inbred lines used for line x tester (L x T) crosses under normal irrigation conditions.
Estimates of GCA effects under water stress
The GCA for the 10 inbred lines and four testers were evaluated under water stress conditions. The analysis showed that the inbred lines L 8 , L 7 , and L 9 had highly significant GCA effects on PH towards shorter plants. Lines L 7, L 8 , and L 6 showed highly significant and negative GCA effects for LA towards lower leaf size. Lines L 8 , L 3 , and L 9 had highly significant and positive GCA effects for NKE towards an increase in NKE. Lines L 1 and L 6 displayed highly significant and positive GCA effects for TGW towards an increase in TGW. All inbred lines except L 3 and L 4 showed highly significant results for BY: L 10 and L 3 had highly positive and significant results, while L 7 and L 8 had highly negative and significant results toward a decrease in BY. For HI, a yield contributing character, the inbred lines L 6 , L 4 , and L 5 showed highly positive and significant results towards high HI. For SF, lines L 8 and L 3 showed highly negative and significant values indicating increased fitness for drought or water stress conditions. Only three lines, L 6 , L 9 , and L 10 , showed negative and non-significant GCA values for SF, the remainder showed significant or highly significant effects. For SS, lines L 10 , L 3 , and L 2 had highly negative and significant GCA values toward a decrease in SS, indicating greater fitness for water stress conditions. Lines L 9 and L 7 showed highly positive and significant GCA values for NC towards an increase in the nutritional value of maize. For PC, lines L 9 , L 10 , and L 7 showed highly positive and significant GCA values toward an increase in PC. For SC, all ten inbred lines showed significant results but only L 7 , L 8 , and L 10 had positive and significant GCA values. For OC, L 1 , L 8 , and L 10 gave highly positive and significant GCA effects.
The testers T 2 and T 3 were the best general combiners for PH and LA (Table 15) . T 1 and T 4 were the best general combiners for biochemical characters affecting yield, such as NKE, TGW, SC, and OC. T 1 was a good combiner for TGW, T 1 , and T 2 for BY; T 2 and T 3 were good combiners for GYP; T 1 was a good combiner for HI, and, along with T 4 , for SF and SS. T 2 and T 3 were better combiners for NC and PC.
For abbrevitaions, see Table 4 . *Statistically significant. **Highly significant.
ns Not significant. 
Estimates of SCA effects under water stress conditions
We evaluated the SCA of the 40 crosses for the thirteen parameters in plants grown under water stress conditions (Table 16 ). For PH, the crosses L 6 x T 2 , L 3 x T 3 and L 9 x T 1 showed highly significant and negative SCA effects and were good specific combiners; the crosses L 2 x T 2 , L 4 x T 1 and L 3 x T 2 showed highly significant and positive SCA effects and were poor specific combiners for this trait.
For LA, the crosses L 9 x T 1 , L 2 x T 1 and L 3 x T 1 were good specific combiners whereas L 4 x T 1 , L 10 x T 1 and L 2 x T 2 were poor specific combiners. The crosses L 6 x T 1 , L 3 x T 1 and L 7 x T 2 had highly significant and positive SCA effects and were good specific combiners for NKE, while L 1 x T 2 , L 7 x T 1 and L 4 x T 3 had highly significant and negative SCA effects and were poor specific combiners.
For TGW, the crosses L 3 x T 2 , L 2 x T 1 and L 6 x T 3 were good specific combiners while the crosses L 3 x T 1 , L 2 x T 2 , and L 2 x T 3 were poor specific combiners. For BY, the crosses L 6 x T 1 , L 9 x T 3 and L 7 x T 1 showed highly significant and positive SCA effects and were good specific combiners while the crosses L 9 x T 1 , L 6 x T 2 and L 2 x T 2 showed highly significant and negative SCA effects and were poor specific combiners.
For GYP, the crosses L 10 x T 1 , L 3 x T 2 and L 3 x T 4 were good specific combiners by showing high positive SCA effects while the crosses L 2 x T 4 , L 1 x T 1 and L 9 x T 2 possess high negative SCA effects and were poor specific combiners. With respect to HI, the crosses L 9 x T 1 , L 6 x T 4 and L 4 x T 1 showed highly significant and positive SCA effects and were good specific combiners while the crosses L 6 x T 1 , L 2 x T 4 and L 9 x T 2 had negative SCA effects and were poor specific combiners.
For SF, the crosses L 6 x T 3 , L 9 x T 3 and L 4 x T 4 had highly significant and negative SCA effects and were good specific combiners whereas L 9 x T 1 , L 5 x T 2 , and L 4 x T 3 possessed highly significant and positive SCA effects and were poor specific combiners. For SS, the crosses L 7 x T 2 , L 4 x T 4 , and L 6 x T 3 resulted in highly significant and negative SCA effects and were good specific combiners, while the crosses L 8 x T 2 , L 4 x T 3 and L 7 x T 1 showed highly significant and positive SCA effects and were poor specific combiners.
For NC, the crosses L 8 x T 1 , L 10 x T 1 and L 6 x T 2 had highly significant and positive SCA effects and were good specific combiners whereas the crosses L 4 x T 4 , L 10 x T 2 and L 5 x T 1 showed highly significant and negative SCA effects and were poor specific combiners. For PC, the crosses L 8 x T 1 , L 3 x T 4 , and L 4 x T 3 gave highly significant and positive SCA effects and were good specific combiners, whereas the crosses L 4 x T 4 , L 8 x T 4 and L 5 x T 1 had highly significant and negative SCA effects and were poor specific combiners.
With regard to SC, the crosses L 3 x T 4 , L 5 x T 3 and L 9 x T 1 gave highly significant and positive SCA effects and were good specific combiners while the crosses L 5 x T 1 , L 3 x T 2 and L 4 x T 4 showed negative SCA effects and were poor specific combiners. In the case of OC, the crosses L 10 x T 2 , L 1 x T 2 and L 2 x T 4 had highly significant and positive SCA effects and were good specific combiners whereas the crosses L 10 x T 3 , L 1 x T 3 and L 4 x T 4 had highly significant and negative SCA effects and were poor specific combiners. For abbrevitaions, see Table 4 . Table 16 . Estimates of specific combining ability effects for the 13 characters in the inbred lines used for line x tester crosses under water stress.
DISCUSSION
GY is determined by a highly complex process; therefore, a better understanding of the factors that improve yield will benefit the selection of parents for crosses. In a dry environment, direct selection for yield is not sufficient because of the variable environment and genotype x environment interaction (Richards et al., 2002) .
The results in the present study were consistent with those of Kirda et al. (2005) as the maize GY under normal irrigation was significantly higher than under water deficit conditions (50% of normal irrigation). In maize, a decrease in water availability is associated with a loss of grain weight (Edmeades et al., 1992) . Our results are very much in accordance with this conclusion, as we found that yield was very much dependent on the movement of water into the plant body along with nutrients in dissolved form. Yield under water stress conditions is actually a function of water transpiration and the harvest index (Passioura, 1977) .
Our analysis indicated that genotypes associated with larger stomata were more susceptible to water stress compared to those with smaller stomata. Hinckley (1973) likewise noted that species with larger stomata are more prone to drought stress than those with smaller stomata. SF is directly related to the rate of moisture loss from the leaf surface; Wanger et al. (1996) reported that environmental factors may have a minor effect on SF. Severe moisture stress reduces survival rate (Liptay et al., 1998) .
By reducing LA, water loss can be reduced during a water stress period (Bittman and Simpson, 1989) . Stress conditions modify the behavior of plants and induce formation of leaves with a reduced area (Sinclair and Muchow, 2001) . Similar results were reported by Liptay et al. (1998) . Under normal conditions, the availability of sufficient water increases leaf area development, and enhances crop growth rate, biomass production, and GY (Regan et al., 1997) .
Genetic basis of drought tolerance
One of the objectives of this study was to screen and select parents in order to improve evaluation of the hybrid progeny. General and specific combining ability effects offer advantageous genetic information for parental selection in terms of the performance of their progeny (Dhillon, 1975) . GCA is the average performance of a line in hybrid combinations, while SCA is used to designate deviations of certain crosses from expectation based on the average performance of the lines involved (Sprague and Tatum, 1942) .
In the present study, we found variations in the magnitude and direction of GCA effects in lines and testers. Among inbred lines, L 5 had the highest positive and significant GCA effects for GYP, SC, and OC, while L 7 had highly significant and negative GCA effects for PH, LA, and SS, but highly significant and positive GCA effects for SC. Line L 2 had the highest positive and significant GCA effects for NKE, GYP, NC, and PC under normal irrigation conditions.
Under water stress, line L 8 had the highest negative and significant GCA effects for PH, LA, and SF but highest positive and significant GCA affects for NKE, SC, and OC. Line L 7 had the highest negative and significant GCA effect for PH and LA, and also the highest positive and significant GCA effects for NC, PC, and SC. Line L 9 had the highest negative and significant GCA effects for PH, and the highest and positive and significant GCA effects for NKE, NC, and PC. L 7 had the highest negative and significant GCA effects for PH and LA, and the highest positive and significant GCA for SC under both normal and water stress conditions. Line L 3 had the highest positive and significant GCA effects for NKE and GYP. L 1 possessed the highest positive GCA effects for TGW and OC. L 10 had the highest negative and significant GCA effect for SS under both normal and water stress conditions. Among crosses, L 3 x T 4, had the highest negative and significant SCA effects for PH and LA, and the highest positive and significant GCA effects for the parameters NKE and SC. The new genetic combination L 9 x T 4 had the highest positive and significant SCA effects for the characters TGW, GYP, NC, and PC under normal irrigation conditions. Among crosses, L 9 x T 1 had the highest negative and significant SCA effects for PH and LA, and had highest and significant effects for SC. The cross L 3 x T 4 had the highest and significant effects for GYP and SC.
L 6 x T 3 was the best cross combination for SS under both normal and water stress conditions,
